Diaphragms of mice were traumatized by division parallel or transversally to the muscle fibres. The extent of traumatization was varied by the degree of subdivision. Oxygen uptake was measured by the Warburg technique. Undivided diaphragms as control displayed constant oxygen uptake for the four hours of observation. With divided diaphragms oxygen uptake was unstable. Division parallel to the muscle fibres resulted in continuous decrease of oxygen uptake after a normal initial phase; the decline was significantly steeper with increasing extent of traumatization. Divi sion transversally to the muscle fibres resulted in an initial increase of oxygen uptake followed in a second phase by a continuous decrease. The initial increase as well as the final decrease of oxygen uptake was more pronounced with higher extent of subdivision.
In tro d u c tio n
The determ ination of metabolic rates of isolated tissues by the W arburg technique requires samples which are thin enough that the necessary oxygen supply can be provided by diffusion from the sur face. There are few organs or tissues which are naturally below the limiting thickness of the W ar burg formula, such as the diaphragm, the intestinal wall and some skeletal muscles of small laboratory animals. In most cases the organs under investiga tion have to be cut to slices with traum atization of a large num ber of cells. This is especially true for the parenchymatous organs such as liver and kidney. It is still a m atter of discussion in what direction and to what extent the oxygen uptake of isolated tissues is changed by this traumatization.
The diaphragm of small animals is used in many investigations on interm ediary metabolism and on factors influencing metabolic rate [1, 2 ] . It can be easily divided into equal halves, one half serving as control for the changes induced in the other by experimental conditions. While examining this pro cedure we observed that rate and stability of oxygen uptake may already be significantly influenced by the division of diaphragm s into two or four parts. We interpreted this as effect of traumatization. Under this hypothesis we used the subdivision of dia phragm into smaller parts as a model of quanti fiable mechanical injury on rate and constancy of oxygen uptake.
M ethods
Adult male mice of an inbred strain (Agnes B luhm ), weighing from 22 to 27 g were used. They had been raised and kept at 22 + 1.0 °C room tem perature with 15 h daytime (6 00 -2 1 0 0 h) and free access to standard food and water supplemented with ascorbic acid.
The preparation was perform ed under sterile con ditions. After decapitation the animals were com pletely skinned. Both cavities were opened in the midline and the contents removed. The diaphragms were carefully dissected along the insertion line at the thoracic wall and the crura cut close to the vertebral column. In this way traumatization of the muscular tissue by preparation was minimized. The mean thickness of the diaphragm s determined from weight and surface was 0.25 + 0.03 mm. Experi mental traum atization was performed in two ways. In the first group the diaphragm s were divided by radial sections, that is parallel to the muscle fibres, into 4, 8 , 16 and approximately 32 parts of similar size. Up to 16 parts the dissection could be perform ed rather exactly; in the last step the 16 segments were usually divided uncontrolled into 32 or more pieces. By sections parallel to the muscle fibres the muscle cells are damaged as little as possible. The preparation of the second group was intending maximal traum atization of the muscle fibres by transverse sections. In order to obtain four parts the diaphragms were divided along the lines of an equilateral triangle pointing towards the sternum. Eight parts were obtained by dividing the four parts again transversely to the muscle fibres. In both groups all segments belonging to one dia phragm were given into the same respirom eter ves sel. Measurements on undivided diaphragm s served as controls.
The oxygen consumption was measured by the direct W arburg technique [1, 3, 4 ] , in Medium II of Krebs [5 ] , with 100% oxygen in the gas phase and carbon dioxide being absorbed by 2 N KOH in the center well. Tem perature was 37.0 + 0 . 0 2 °C and shaking rate 40 cycles per minute. This low shaking rate was chosen after it had become obvious, that shaking rate itself highly influences rate and constancy of oxygen uptake [ 6 -8 ] . Readings of oxygen uptake were taken with intervals of 5 mi nutes. Under the described conditions undivided diaphragms regularly presented constant oxygen uptake for 4 hours or more.
The high shaking rates of the W arburg technique had been introduced to insure equilibration of gas tensions between the gaseous and liquid phases. With low shaking rates as in this investigation the equilibration of 0 2-tension between the two phases will not be attained. The O2*tension of the liquid phase had therefore to be determined polarographically. Under the conditions used in this investiga tion and in the presence of normally respiring dia phragms in the respirom eter vessels the mean oxygen tension of the liquid phase was 534 + 27 T orr (/i = 288). Even under the most unfavourable conditions in single experiments (d = 0.3 mm, A = 50 ml 0 2/ k g 'min) critical oxygen tension according to the W arburg formula did not exceed 250 T orr.
Oxygen consumption in this paper is given in ml 0 2 per kg and minute. This unit can easily be trans formed into the other units used in literature. ml 0 2/kg x min = 0.06
The results reported are based on measurements on 142 diaphragms with approximately 6000 data on oxygen uptake. Less than 3% of the prim ary read ings of oxygen uptake had to be discarded. The failures were mainly due to the spilling of KOH from the center well into the suspension medium. In this way the pH of the suspension medium was changed to the alkaline side and oxygen uptake of the tissue samples reduced. We excluded all measurements with pH-values of the suspension medium ^ 7.8 at the final control. Calculations were performed with the IBM 370 of the RHRZ Bonn.
R esults
The time course of oxygen consumption of un divided diaphragms and of diaphragm s divided into 4 to 32 pieces by sections parallel to the muscle fibres is presented in Fig. 1 . The essential data of these experiments are compiled in Table I .
In the initial phase of the measurements the time course of oxygen uptake of untraum atized and trau matized diaphragms is almost indentical. The regular slight increase in oxygen uptake from the first to the second 30 min period ( 4-5 to 10%) is apparently the same in both groups. With this initial increase untraumatized diaphragms (controls) reach the final level of oxygen uptake which is kept constant for 4 to 6 hours. Oxygen uptake of the traumatized diaphragms starts to decline soon after reaching tne level of the controls. The steepness of the decline is proportional to the degree of traumatization and proceeds almost linearly with time. In this way oxy gen uptake of traumatized diaphragms appears to pass a maximum during the second and sometimes during the third 30 min period. Within two hours (60. -180. min) mean oxygen uptake of the dia phragm s divided into 4 pieces decreases by 15%; for the diaphragm s divided into 8 , 16 and 32 pieces oxygen uptake falls by 24%, 27% and 37% respec tively. It is evident that the differences in oxygen uptake between controls and traumatized diaphragms increase proportional to time. The values given in Table I refer to total m easuring periods of 180 minutes.
The results of these measurements were submitted to statistical treatment. The reality of the decrease in oxygen uptake separately for each degree of traum atization was tested by the Wilcoxon-test for paired differences [9 ] . Compared was the oxygen uptake in the period from 30 to 60 min to that in the last period of observation (150. to 180. m in). The oxygen uptake of the control group of undivided diaphragm s remained constant ( -1.9%). For each of the four degrees of traum atization the decline in oxygen uptake was significant with p ^ 0.001. The significance of the differences between the neigh bouring groups of increasing traum atization was tested by the ^2-method. Basis for comparison was the oxygen uptake of the different groups in the interval from 150. to 180. minutes. For three of the four pairs of neighbouring values oxygen uptake from 150. to 180. minutes was significantly dif ferent with p < 0.001 (undivided to 4/4, 4/4 to 8 / 8 , 16/16 to 3 2 /3 2 ). For the fourth pair (8 / 8 to 16/16) oxygen uptake in the final period of observation was different with 0.01 < p < 0 .0 5 . This result necessarily includes the statement that in comparison to un traumatized diaphragm s the decrease in oxygen uptake increases significantly with each degree of traum atization (p 0 .0 0 1 ). In the second series of experiments oxygen con sumption of diaphragm s divided transversally to the muscle fibres was compared to that of dia phragms divided parallel to the muscle fibres. Two groups of measurements have been perform ed; in the first the diaphragm s were divided into four pieces in the second into 8 pieces. Measurements on undivided diaphragm s were again used as controls.
Oxygen uptake of the untraum atized diaphragms (controls) and of the diaphragms divided by sec tions parallel to the muscle fibres behaved in the same way as described in the first part (Table I - Fig. 1 ). For the control groups oxygen uptake re mained constant for the 4 hours of observation on the level reached in the second 30 min period. For the two groups subdivided parallel to the muscle fibres oxygen uptake readied the norm al level be tween 30 and 60 minutes and started to decline thereafter. The steepness of the decline was again proportional to the degree of subdivision. So far the results are the same as presented in Fig. 1 .
Oxygen uptake of diaphragm s divided transver sally to the muscle fibres behaved very differently (Fig. 2 ) . The initial values started at much higher levels than the controls and remained elevated for about two hours before they declined. The initial oxygen uptake was higher and the following decline steeper for the group with more extensive traumati- Table II zation. The maximum initial oxygen uptake (second 30 min period) was 110% and 136% of the controls for diaphragms divided into 4 or 8 parts respective ly. The decline of oxygen uptake in the second half of the measuring period was 20% and 43% of the maximum value for diaphragm s divided into 4 or 8 parts respectively. The deviations in both direc tions from the constant oxygen uptake of intact diaphragms are highly significant.
Sum m ary and D iscussion
Under the described experimental conditions care fully prepared intact diaphragm s m aintained con stant oxygen uptake for the whole period of observa tion (4 h o u rs). Division of the diaphragm s into several parts induced oxygen uptake to become un stable. Sections parallel to the muscle fibres caused a continuous decrease of oxygen uptake, the steep ness of the decrease being significantly correlated to the extent of subdivision. Traum atization of the diaphragm s by sections transversal to the muscle fibres produced a distinct increase of oxygen uptake in the initial phase followed by a continuous de crease in the second phase. In this group the initial increase of oxygen uptake as well as the steepness of the secondary decline were correlated to the extent of traumatization. Table II . The seemingly different reactions to sectionning parallel or transverse to the muscle fibres are linked by continuous transitions. With less extensive paral lel subdivision of the diaphragm s oxygen uptake of the traum atized tissue starts to decline without ex ceeding the level of oxygen uptake of controls. With more extensive traum atization of the same type (8 / 8 or more) the decline of oxygen uptake is preceded by a moderate but significant initial in crease; the time course of oxygen uptake in these groups becomes very similar to that after trans versal sections of the muscle fibres. The diagram in Fig. 3 represents this analogy. It appears safe to conclude that the time course of oxygen uptake in the different experimental groups is determined by the extent of injury to the muscle fibres.
This interpretation is in good agreement with the observations reported in literature. Oxygen uptake of strip preparations of skeletal muscle with unin jured muscle fibres remains constant for definite periods [2, 10 -12] . Oxygen uptake of slices of muscle tissue with the unavoidable limited traum ati zation of muscle fibres decreases continuously from the beginning [2 , 1 0 -1 2 ]. Latapie mince of skel etal muscle with its extensive traum atization of muscle fibres displayed a higher initial oxygen up take than muscle strips and a steep decline of oxygen uptake in a second phase [3, 1 2 ]. The analogy be tween these observations and those reported for the diaphragm in this paper is obvious. Similar observa tions are reported on heart muscle. Smyth [13] observed that the oxygen uptake of Latapie mince of heart muscle is much higher than that of slices of heart muscle.
There are few observations in the literature on the effect of mechanical traum atization of parenchyma tous organs on the rate of oxygen uptake. Druckrey [14, 15] reported that very thin slices of rat liver in comparison to thicker slices still below the lim it ing thickness display a higher initial rate of oxygen uptake with secondary decline. Field et al. [10, 16] observed a lower than normal oxygen uptake with thin slices of rat liver. In both groups of publications the higher proportion of traumatized cells with thin slices is considered responsible.
